Abstract The attentional blink (AB) represents a fundamental limit of information processing. About 5-10 % of all subjects, however, do not show the AB. Because of the low base rate of these so-called non-blinkers, studies on mechanisms underlying non-blinkers' absent AB are extremely scant. The few existent studies found nonblinkers to be faster and more efficient in information processing compared to blinkers. A personality trait that has been linked previously to speed and efficiency of information processing as well as to the magnitude of the AB is impulsivity. Therefore, the present study investigated whether 15 non-blinkers and 15 blinkers differed from each other in functional and/or dysfunctional impulsivity. To obtain a better understanding of the underlying processing mechanisms, the P300 component in the eventrelated potential was recorded during performance on the AB task. Our results indicated higher functional impulsivity in non-blinkers compared to blinkers but no differences between the two groups in dysfunctional impulsivity. As indicated by shorter P300 latency, non-blinkers processed information faster than blinkers after the AB period but slower during the AB period. These speed effects, however, were not associated with functional impulsivity. Thus, impulsivity and speed of information processing appear to represent two rather independent sources for nonblinkers' absent AB.
Introduction
Within a rapid serial visual presentation (RSVP) of stimuli, the identification of a second of two targets (T2) is impaired severely when presented about 150-350 ms after the first target (T1). This well-established phenomenon, referred to as the attentional blink (AB), has been subject of innumerous studies investigating the conditions and underpinnings of its occurrence (cf., Martens and Wyble 2010) . According to an integrating explanation of the AB by Dux and Marois (2009) , all stimuli in the RSVP are analyzed at an initial perceptual and conceptual level of information processing. In accordance with the task instructions, an attentional set is established enhancing the mental representation of T1 and inhibiting mental representations of distractor stimuli during an attentional episode. As the attentional episode lasts longer than the presentation of T1, also the subsequent stimuli are attentionally enhanced and compete with T1 for higher order processing. T1, however, is more task-relevant and presented earlier than the subsequent distractor stimuli so that it gathers the resources for episodic registration and consolidation in working memory (WM) to be properly identified. These latter processes require attentional resources so that mental representations of stimuli presented during the attentional episode of T1 cannot be attentionally enhanced (Bowman and Wyble 2007) . Thus, if T2 is presented during this period of time, its mental representation is prone to rapid decay leading to the AB phenomenon. As an exception, T2 can be identified quite well when it is presented immediately after T1 probably because it slips in the same attentional episode as T1 (Akyürek et al. 2012) .
Only less than 10 % of all subjects do not show an AB but constantly good performance on AB tasks-irrespective of the lag with which T2 is presented after T1 . Given the rather small base rate of so-called nonblinkers, studies investigating reasons for the difference between blinkers (i.e., individuals who show the AB) and non-blinkers are scant (for an overview see Martens and Wyble 2010) . Experimental and psychophysiological studies by Martens and colleagues indicated more efficient ignoring of distractors and better extraction of target-related information in non-blinkers compared to blinkers (Martens et al. 2006 Martens and Valchev 2009) . The more efficient extraction of target-related information, for example, was evident in non-blinkers' larger frontal selection positivity which is a component of the event-related potential (ERP) associated with the selection of target features (Martens et al. 2006) . Feinstein et al.'s (2004) results point into a similar direction. These authors used functional magnetic resonance imaging while participants performed an AB task. Non-blinkers exhibited more activation in the medial prefrontal cortex, the frontopolar cortex, and the anterior cingulate compared to blinkers indicating that attentional networks in these areas are more efficiently used by nonblinkers. According to Martens et al. (2006) , more efficient information processing in non-blinkers leads to a shorter T2-related P300 latency in the event-related potential (ERP). As the P300 component seems to indicate the consolidation of a stimulus' mental representation in WM (e.g., Donchin and Coles 1988) , non-blinkers' shorter T2-related P300 latencies suggest faster consolidation of T2 in WM due to more efficient selection of targets among distractors (Martens et al. 2006) . It should be noted that the T2-related P300 component is of particular interest in studying the AB since its amplitude-paralleling the identification rate-has been found to be markedly decreased when T2 is presented 150-350 ms after T1 (Vogel et al. 1998) . Martens et al. (2006) also reported the lacking AB in non-blinkers to be consistent across testing sessions. Therefore, the absent AB can be considered a stable trait rather than a state variable. Proceeding from this view, the lacking AB might be related to a personality traits modulating information processing. A promising candidate for such a trait is impulsivity as high and low impulsives are well-known to differ from each other in information processing. Previous reports highlighted difficulties in sustained attention and less efficient inhibition of taskirrelevant information in individuals with high impulsivity (Dickman 2000; Marsh et al. 2002; Russo et al. 2008) . In line with these findings, Li et al. (2005) found a more pronounced AB in individuals with higher impulsivity and explained this more limited information processing by less efficient and less dynamic processing mechanisms. Hence, low individual levels of impulsivity may be related to the absent AB in non-blinkers.
Within the field of research on cognitive functioning and impulsivity, Dickman (1990) introduced the differentiation between dysfunctional and functional impulsivity. Dysfunctional impulsivity is defined as the ''tendency to act with less forethought than most people of equal ability when this tendency is a source of difficulty'' while functional impulsivity refers to the ''tendency to act with relatively little forethought when such a style is optimal'' (Dickman 1990, p. 95) . Several studies provide converging evidence for the notion of less accurate information processing and higher cognitive distortion in high dysfunctional impulsivity (Brunas-Wagstaff et al. 1994 Mobini et al. 2007 ). Functional impulsivity, on the contrary, is associated with higher speed of information processing which can lead to more efficient processing (Brunas-Wagstaff et al. 1994 Dickman 1990 Dickman , 2000 Reeve 2007 ). According to Dickman (1993) , high functional impulsives produce more responses due to their faster speed of information processing. This higher amount of responses consists of more incorrect but also more correct responses with the higher number of correct responses compensating for the elevated error rate resulting in higher efficiency of information processing.
Differentiating between functional and dysfunctional impulsivity, it appears reasonable to assume that Li et al.'s (2005) finding of a more pronounced AB in high impulsives can be considered a consequence of their higher dysfunctional (rather than functional) impulsivity. This assumption is corroborated by the fact that Li et al. (2005) used the Barratt Impulsiveness Scale (BIS) to assess impulsivity. The BIS is associated mainly with dysfunctional but only marginally with functional impulsivity (Caci et al. 2003) . If low dysfunctional impulsivity results in a less pronounced AB, it may also differentiate between blinkers and non-blinkers.
The question of whether there is also an association between functional impulsivity and the magnitude of the AB is still to be answered. Given the higher speed of information processing in individuals with high compared to low functional impulsivity (e.g., Brunas-Wagstaff et al. 1994; Dickman 1990 ) as well as in non-blinkers compared to blinkers (Martens et al. 2006) , non-blinkers might be expected to be more functionally impulsive compared to blinkers.
Only few studies compared non-blinkers and blinkers (Feinstein et al. 2004; Martens et al. 2006 Martens and Valchev 2009; Martens and Wyble 2010) and only one study appears to exist on the relation between impulsivity and the AB (Li et al. 2005) . Therefore, the present study was designed to systematically investigate differences in functional and dysfunctional impulsivity between blinkers and non-blinkers. For this purpose, we identified a group of non-blinkers within a large sample of participants and compared their functional and dysfunctional impulsivity scores with a group of blinkers. In order to link our results to previous findings of non-blinkers' faster information processing in terms of a shorter P300 latency (Martens et al. 2006 , we also measured the P300 component during participants' performance on the AB task.
Methods

Participants
From a pool of 201 female university students, we identified 15 non-blinkers (for the criteria see below). These 15 non-blinkers were contrasted with 15 blinkers who showed the largest AB. Mean age (±standard deviation) was 21.3 (±2.8) and 21.6 (±2.7) years for non-blinkers and blinkers, respectively. To prevent sexrelated variance in evoked potentials (cf., Cahill and Polich 1992; Deldin et al. 1994; Gurrera et al. 2005; Hoffman and Polich 1999) as well as in functional and dysfunctional impulsivity (cf., Adan et al. 2010; Cross et al. 2011; Vigil-Colet et al. 2008) , only women were included in the present study. The study was approved by the local ethics committee, and written informed consent was obtained from all participants.
Dickman's Impulsivity Inventory (DII)
For psychometric assessment of functional and dysfunctional impulsivity, participants filled in the German adaptation (Kuhmann and Ising 1996) of the DII (Dickman 1990 ). The scale Functional Impulsivity consisted of 11 items (a = .74), and the scale Dysfunctional Impulsivity consisted of 12 items (a = .85).
Attentional blink task
Apparatus and stimuli
Stimulus presentation and response collection was controlled by E-prime 2.0 experimental software. A chin rest was used to ensure constant posture of participants' head. Stimuli were the letters of the alphabet as well as the digit ''2'' (which was T2). The letters F, I, K, Q, and Z were not used because of their similarity with other letters (e.g., E, J, R, O) or, in case of the letter ''Z'', the similarity with the digit ''2''. All stimuli were presented in white against a black background, only T1 was presented in yellow (RGB as preset by E-prime). Each stimulus subtended 3.01°of visual angle vertically and about 2.01°horizontally and was presented in the center of the monitor screen.
Procedure
Testing took place in a sound-attenuated and electrically shielded room. The task consisted of 240 trials each starting with a fixation cross presented for a duration varying randomly between 1,000 and 1,250 ms. After the fixation cross disappeared, 15 stimuli were presented successively for 100 ms each without interstimulus interval. T1 occurred at the fourth or seventh position in 50 % of the trials, respectively. In 75 % of the trials, T2 was the first, second, third, fourth, or fifth character after T1 (referred to as Lag 1, Lag 2, Lag, 3, Lag 4, or Lag 5) with the same probability for each position. Positions of T1 and T2 were randomized across trials. Immediately after the stream of stimuli, participants' task was to decide whether the yellow letter (T1) was a vowel or a consonant and, after they have responded this question, whether the digit ''2'' (T2) had been presented or not. Participants answered the two questions by pressing one of two designated keys on a response panel with the forefingers of the right and left hand, respectively. Rate of correct T1 and T2 identifications were computed for each lag condition. Only trials with correct responses to T1 were further analyzed.
Non-blinkers were defined by showing an AB of less than 10 % according to the following formula (Martens et al. 2006 ): {[(T1 accuracy at Lag 2 -T2|T1 accuracy at Lag 2)/T1 accuracy at Lag 2] ? [(T1 accuracy at Lag 3 -T2|T1 accuracy at Lag 3)/T1 accuracy at Lag 3]/2} 9 100. To rule out that strategy differences caused the absent AB, a second criterion was that non-blinkers did not only show no AB on T2 but also no decrement of T1 performance across the five lag conditions. These 15 non-blinkers were contrasted with 15 blinkers who showed the largest AB according to the mentioned formula. As in the study by Martens et al. (2006) , mean T1 accuracy across all trials was at least 80 % in all included participants.
Electrophysiological recordings EEG activity was recorded by a BrainAmp
Ò amplifier and an electrode cap (EasyCap Ò ) with Ag/AgCl electrodes. We used electrodes at Fz, Cz, Pz, Oz, C3, C4, P3, P4, T7, T8 and referenced them to the ear lobes. To measure the electrooculogram (EOG), two electrodes were placed about 1 cm from the outer canthi of each eye (horizontal EOG) and on the supra-and infraorbital ridges of the right eye (vertical EOG). Electrode impedance was lower than 5 kX.
EEG and EOG were digitized at a rate of 1,000 Hz and off-line filtered (0.5-20 Hz). The data were visually inspected for movement artifacts. Afterward, the impact of eye movements was reduced by the regression-based method as proposed by Gratton et al. (1983) . Single-trial epochs were built with a prestimulus interval of 200 ms and a 1,500-ms interval following the onset of T1. All epochs were again screened for artifacts using an automatic procedure marking suspicious epochs. These were again visually inspected. Only artifact-free epochs were averaged separately for the five lag conditions as well as for trials with no T2 presentation. On average, there were 30.1, 29.1, 29.7, 31.6, and 30.4 artifact-free epochs for the five lag conditions.
In a next step, the average wave of trials without T2 presentation was subtracted from the average waves of trials with T2 presentation to reduce the influence of T1-related activity on the ERP. Thus, the resulting five difference waves are assumed to consist of activity mainly related to the processing of T2 (Luck 2005) . Separately for each group, grand averages (GAs) were computed for each lag condition. P300 amplitude was quantified as the area under the curve ranging ±50 ms around the maximum peak in the GA. P300 latency was the point dividing the area into two equal regions.
Results
Behavioral data
Mean T1 identification rate (±standard error of the mean; SEM) across the five lag conditions was 0.94 (±0.01) and 0.93 (±0.01) in non-blinkers and blinkers, respectively. The difference was not statistically significant [t(28) = .51; p = .62]. Thus, differences in T1 identification rate between the two groups can be ruled out to account for differences in the magnitude of the AB (cf., Arnell et al. 2006) .
Means and SEM for correct T2 identification in the five lag conditions and scores on the DII scales are presented in Table 1 for blinkers and non-blinkers, respectively. A twoway analysis of variance (ANOVA) was calculated on the T2 identification rate with Group (blinkers and non-blinkers) as a between-subject factor and the five lag conditions as five levels of a repeated-measures factor Lag. As can be seen from Fig. 1, across showed better T2-identification compared to blinkers in the Lag 2 and Lag 3 conditions (both ps \ .001) but not in the Lag 1 (p = .92), Lag 4 (p = .69), and Lag 5 conditions (p = .59). Thus, as expected due to our selection criteria, the group of blinkers but not the group of non-blinkers exhibited a reliable AB on the present task.
Behavioral data and impulsivity
As depicted in Fig. 2 Table 2 ). This correlational analysis revealed that-within the two groups of blinkers and non-blinkers, respectively-only non-blinkers' correlation between dysfunctional impulsivity and correct T2 identification in the Lag 5 condition reached statistical significance. As there was no consistent pattern across the lag conditions and as we did not control for alpha inflation, this correlation might be due to chance rather than indicating a reliable functional relationship. Across the two groups combined, however, functional impulsivity was significantly correlated with T2 identification in all lag conditions except for the Lag 1 condition where the correlation just failed to reach statistical significance (p = .08).
Electrophysiological data
Blinkers' and non-blinkers' ERP waveforms referring to T2 identification in the five lag conditions are given in Fig. 3 . Means and SEM for P300 latency and amplitude in the five lag conditions are presented in Table 1 . An ANOVA with P300 latency as dependent variable revealed a statistically significant effect of Group [F(1,28) = 10.2; p \ .01; g p 2 = .27] with non-blinkers showing shorter latencies (486 ± 2 ms) than blinkers (494 ± 2 ms) across all lags. This result supports Martens et al.'s (2006) finding of higher speed of information processing in non-blinkers compared to blinkers. Also, the main effect of Lag [F(4,112) = 174.6; p \ .001; g p 2 = .86] and the interaction between Lag and Group were significant [F(4,112) = 140.7; p \ .001; g p 2 = .83]. As indicated by post hoc Scheffé tests, nonblinkers' P300 latencies in the five lag conditions differed significantly from each other (all ps \ .05). Only P300 latencies in the Lag 1 and in the Lag 3 condition as well as P300 latencies in the Lag 2 and in the Lag 4 condition did not differ from each other (both ps = .99). Also in blinkers, the differences between the P300 latencies in the five lag conditions were statistically significant (all ps \ .001) except .33] was due to the fact that P300 amplitude in the Lag 5 condition was significantly larger than in the Lag 1 (p \ .001), Lag 2 (p \ .001), and Lag 3 conditions (p \ .001) and that the P300 amplitude in the Lag 4 condition was significantly larger than in the Lag 2 (p \ .001) and Lag 3 conditions (p \ .05). All other comparisons failed to reach statistical significance. There was no significant interaction effect [F(4,112) = .38; p = .82; g p 2 = .02].
Electrophysiological data and impulsivity
In blinkers, P300 amplitude was negatively related to dysfunctional impulsivity in the Lag 4 condition and to functional impulsivity in the Lag 1 condition (see Table 2 ). Furthermore, across the two groups combined, functional impulsivity was positively related to P300 amplitude in the Lag 3 condition (p \ .01) and negatively to P300 latency in the Lag 5 condition (p \ .01). Given this highly inconsistent pattern of results and uncontrolled alpha inflation, this correlational analysis did not support the assumption of a functional relationship between AB-related P300 amplitude and/or latency and impulsivity in the present study.
Discussion
The present study found non-blinkers to be more functionally impulsive than blinkers but no group differences regarding dysfunctional impulsivity. Furthermore, in line with previous reports (Martens et al. 2006) , non-blinkers exhibited shorter P300 latencies across all five lag conditions. This main effect, however, was due to the lag conditions after the AB period. During the AB period, that is, in the Lag 2 and Lag 3 conditions, blinkers showed faster P300 latencies compared to non-blinkers. The ERP measures were not associated with functional or dysfunctional impulsivity. Higher functional, but not dysfunctional, impulsivity was observed in non-blinkers compared to blinkers. Furthermore, across both groups, T2 identification rate was positively related to functional but not dysfunctional impulsivity in virtually all lag conditions. This result supports Dickman's (1990) assumption that these two aspects of impulsivity are differentially related to information processing. Dickman (1993) proposed high functional impulsivity to be associated with better performance in situations when a rapid, inaccurate style of processing is instrumental and conducive. The AB seems to represent such a situation as non-blinkers were-by definition-the better performers and, concurrently, more functionally impulsive compared to blinkers. In light of Martens et al.'s (2006) observation that, in non-blinkers, the absence of an AB is stable across testing sessions, our results suggest a characteristic processing style in non-blinkers associated with functional impulsivity.
In contrast to functional impulsivity, levels of dysfunctional impulsivity did not differ between blinkers and nonblinkers. This result was somewhat surprising against the background of Li et al.'s (2005) finding of a larger AB in high compared to low impulsives. Proceeding from this finding, lower dysfunctional impulsivity in non-blinkers than in blinkers would have been the expected outcome. It should be noted, however, that, unlike the present study, Li et al. (2005) did not compare individual levels of impulsivity in blinkers and non-blinkers. Rather, they contrasted magnitude of the AB in high, intermediate, and low impulsives with none of these groups completely lacking the Negative is plotted upwards and arrows indicate the P300 amplitude AB. Furthermore, Li et al. (2005) used the BIS as a measure of impulsivity, whereas, in the present study, the DII was applied to dissociate functional and dysfunctional aspects of impulsivity. These two major differences between Li et al.'s (2005) and the present experimental design could have contributed to the divergent findings. Our electrophysiological data confirmed previous reports of a decreased P300 amplitude during the attentional episode of T1 (e.g., Vogel et al. 1998) . Most interestingly, however, the main effect of Lag was not mediated by the group factor (i.e., blinkers vs. non-blinkers). Also in non-blinkers, P300 amplitude varied as a function of lag condition. Thus, our findings suggest that the process reflected by the P300 component cannot completely account for the AB. Obviously, more processes than only one appear to be involved in the AB as also indicated by previous research (Dux and Marois 2009; Kawahara et al. 2006; Troche et al. 2009 ).
Nevertheless, across all lag conditions, non-blinkers compared to blinkers exhibited shorter P300 latencies indicating faster speed of information consolidation in WM (cf., Beauchamp and Stelmack 2006) . This interpretation is in line with Martens et al.'s (2006) conclusion that nonblinkers ignore distractors and extract target-related information more efficiently during the RSVP. The effect, however, was restricted to the Lag 4 and Lag 5 conditions, that is, when T2 was presented after the AB period. In the Lag 2 and Lag 3 conditions, non-blinkers exhibited longer P300 latencies compared to blinkers. This finding is in contrast to Martens et al.'s (2006) report of non-blinkers' shorter P300 latencies during the AB period. While Martens et al. (2006) analyzed only trials in which both T1 and T2 were correctly identified by blinkers and non-blinkers, P300 latencies in the present study were based on both blink and non-blink trials, that is, trials on which T1 and T2 or only T1 were correctly identified. A separate analysis of non-blink trials was not possible due to the low number of non-blink trials in our sample of blinkers in the Lag 2 and Lag 3 conditions (cf., Cohen and Polich 1997) . The high number of blink trials in the Lag 2 and Lag 3 conditions in blinkers, as compared to non-blinkers, may have led to the disparity between our and Martens et al.'s (2006) findings. This conclusion would be consistent with the finding of non-blinkers' shorter latencies in the Lag 4 and Lag 5 conditions where almost all trials were non-blink trials in both groups. It should be noted that the P300 component was clearly observable also in blinkers despite of the high number of blink trials in the Lag 2 and Lag 3 conditions. Thus, it is unlikely that a lower signal-to-noise ratio accounted artificially for the finding of shorter P300 latencies in blinkers compared to non-blinkers during the AB period. A tentative explanation of the shorter latencies might be that blinkers identified the P300 component rather infrequently so that T2 elicited a kind of novelty P300 (cf., Polich 2007) . Such an early component might have merged with the later P300 component and biased the overall latency. This explanation, however, is highly speculative and further research is needed to investigate possible reasons for blinkers' shorter latencies during the AB period.
In none of the five lag conditions, P300 amplitude or latency was reliably related to dysfunctional impulsivity. Higher speed of information processing has been previously reported in individuals with high compared to low functional impulsivity (e.g., Brunas-Wagstaff et al. 1994; Dickman 1990) . A similar speed advantage could not be observed for P300 latencies in the present study. It is noteworthy that these previous findings of higher speed of information processing in high functionally impulsive individuals were based primarily on reaction time (RT) measures. RT, however, is influenced by other underlying processes compared to the P300 latency (Doucet and Stelmack 1999; McCarthy and Donchin 1981) . Hence, our finding that functional impulsivity and P300 latency were not associated is not in sharp contrast to reports of shorter RTs in high functional impulsivity.
As speed of processing does not explain higher functional impulsivity in non-blinkers compared to blinkers, we can only speculate on the underlying mechanisms. A possible explanation might be derived from Olivers and Nieuwenhuis' (2006) overinvestment hypothesis. According to this hypothesis, the AB is the result of an overinvestment of attentional resources. Participants are instructed to concentrate on the string of items, and they try hard to focus on the items. As a consequence, not only targets but also distractor stimuli are attentionally enhanced for further cognitive processing. During this processing, the attentionally enhanced distractors interfere with targets leading to the AB. In line with this idea, Olivers and Nieuwenhuis (2006) reported a less pronounced AB when participants invested less focused attention on the stimuli (for similar results see Taatgen et al. 2009; Wierda et al. 2010) . Within the framework of the overinvestment hypothesis, it is conceivable that non-blinkers spend less attentional resources on stimulus processing leading to their completely lacking AB. Higher functional impulsivity could contribute to such a style of information processing since, according to Dickman's attentional-fixity theory, high impulsives have difficulties in fixing their attention on the source of input (Dickman 1993 (Dickman , 2000 . Similarly, Kirkeby and Robinson (2005) provided empirical evidence for the notion that high impulsives' responses are more reflexively triggered by stimuli and that they show less cognitive mediational activity between stimulus and response. Thus, both Dickman (2000) as well as Kirkeby and Robinson (2005) assume less focused attention in high impulsive individuals. This may result in a less pronounced AB as predicted by Olivers and Nieuwenhuis' (2006) overinvestment theory. This post hoc explanation, however, is somewhat limited as Dickman's (2000) attentional-fixity theory as well as Kirkeby and Robinson's (2005) hypothesis of a more reflexive style of information processing in high impulsives refer more or less explicitly to dysfunctional rather than functional impulsivity.
Finally, it should be mentioned that there is good evidence for moderate sex differences in functional impulsivity (Cross et al. 2011) as well as in P300 amplitude and latency (Deldin et al. 1994; Hoffman and Polich 1999) . As our sample consisted of only female participants, it remains unclear whether our results would also hold for men. Therefore, further investigations are needed on the processing mechanisms associated with non-blinkers' higher functional impulsivity.
